PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Intematona! Bureau 



international application published under the patent cooperation treaty (pct 




! (5 1) loremahcoal Patent Ckisificatioo: 

! A61M 5/30 



A2 



(II) IntemaboDiI Pubiicition Number 
(43) International Publication Date: 



WO 00/09186 

24 February 2000 (24 02.20C0) 



j (2 1) International Application Number 



PCT/US 99/1 7946 



(22) International Filing Date: 10 August 1993 (10.08.1999) 

11 August 1598 (11.08.1998) US 



i(30) Priori)' Data: 
60/096.454 



(60) Parent Application or Grant 

MEDMECT CORPORATION (/]; a SADOWSKl Peter. L 
[.]; 0- DEBOER, David, M (/]; Q. BERMAN, Claude, L [/]; 
0. L ZSCri Paul, R, Jr. [/]; 0- HOLLAND, Margaret, L. [/]; 

0- SADOWSKl Peter, L. (/), O- DEBOER, David. M. (/]; 

0- BERMAN, Claude, L. [/); O. LESCH. Paul, R, Jr. (/); 

0- HOLLAND, Margaret, L. [/]; O- HaRBULAK, Stephen, J. ; 
0 - 



Published 



j (54) Title: NEEDLE ASSISTED JET INJECTOR 
(54) Titre: PIST OLET A INJECTION ASSOCIE A UNE AICUILLE 



(57) Abstract 

A needle assisted jet injector and method for jet injecting medicament are disdosed. In one embodiment of the injector the 
neede s retracably located within an injector nozzle assembly. Upon activation of the force generating source, a portion of 
^e needle extends past the nozzle assembly and penetrates the outer layer of skin to defcer the medicament via jet injection to 
I a deeper region. After activation, the needle retracts back into the nozzle assembly. In another embodiment, the needle s fixed 

| to the end of the nozzle assembly. In both emoodiments. the length of the portion of the needle that penetrates the skin is less 
than 5 mm. 

(57) AbregS 

' t'ZT n J° nCeme “? inieCfi0 " "*** 4 un# « un permettant tfinjecter une injerton de 

Lora de raLv^on 2 ? reababon^aiguie est dsposee retractable dans un ensemble de buse de pstolet 4 injection. 

1 „! f*^ n6f3twn de f0f «. «"« partie de raiguJIe s'etend au-deti de Tensemble de buse et 

tSm T * 1 peau> de <feW,uer 16 m&fieamew une Ejection, dans une region plus profonde 

,itTa ? dan * r<n$en,ble * buse. Seton un autre mode de realisation, raiguife est ftxee 4 

estinttiiure 4 5^ mWe *** ° anS tf8UtreS rtaIiMtions ' 13 k)n 9 ueur de b P^e de faigulle qui penetre dans la peau 



ATTORNEY DOC1CET NUMBER: 1 1219-027-999 
-■SERIAL NUMBER: 10/679,036 
REFERENCE: B21 



P CT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



INTERNATIONAL APPLICATION PUBLgKED 'UNDER THE PATENT COOPERATION TREATY (PCT 




: (51) International Patent Classification: 

A61M5/30 



A2 (11) International Publication Number 
(43) International Publication Date: 



WO 00/09186 

24 February 2000 (24 C2.20C0) 



j(21) International Application Number 

i (22) 

T30) 



PCT/US99/17946 



Inttrnariooal Filing Dart: “0 August 1993 (10.03.1999) 



Priority Data: 
£0/035.454 



11 August 1398 (11.09.1398) US 



(60) Parent Application or Grant 

MEDl-JECT CORPORATION [-1 0- SADOWSKL Peter. L 
[•T. 0- DEBOER, David. M [/]; 0- BERMAN, Claude, L. [/); 

0 LESCH, Paul, R_, Jr. [/]; 0- HOLLAND. MargartL L. [/]; 

| 0- SADOWSKL Peter, L. [/]. Q. DEBOER, David, M. (/); 

| 0 BERMAN, Clause, L. (/); 0 LESCH. Paul, K, Jr. (/); 

G HOLLAND. Margaret, L. (/]; 0- HARBLlAK. Stephen, J. ; 
0- 



Published 



j (54) 
j (54) 

I 

I 



Title: NEEDLE ASSISTED JET INJECTOR 

Tirrt: PISTOLET A INJECTION ASSOCTE A UNE AICUILLE 



(57) Abstract 

A needle assisted jet injector and method for jet injecting medicament are disclosed. In one embodiment of the injector the 
neede s retractable located within an injector nozzle assembly. Upon activation of the force generating source, a portion of 
j the needle extends past the nozzle assembly and penetrates the outer layer of skin to deSver the medicament via jet injection to 
i a oeeper region. After activation, the needle retracts baek into the nozzle assembly. In another embodiment, the needle is fixed 

I o the end of >he nezzie assembly. In both embodiments, the length of the portion of the needle that penetrates the skin is less 
*.nan d min. w 

J (57) A£xeg6 

J m f °' e, J ' nieai0n 1 " 0ei ‘ S une *® u ® e ' « P™e*de permettant cTmjecter une injection de 
Z 7 ! T 1 rai9Ujle 651 ***** rttraCta “ e dans un €nsemble de Bus « * P^tolet a injection. 
k V 0UrCe de , 9en6ratK,n de foree ' un * part* * ''aiguille s'etend aiwleli de Tensemble de buse et 
" , eU T PeaU ‘ afin de l4stribuer le "“icament via une injection, dans une region plus profonde 

TV* traCte d8nS fen$emb,e de buS€ - Seton un autre mode de realisation, raiguiDe est fixes a 
rf3UtreS * l0n9ueur de 13 wrte fle W* penetre dans la peau 





PCT 



WORLD INTELLECTUAL PROPERTY ORGaNSaTIGN 
iarrruuoiil Bcttiu 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



■ (51) [sterna tic nJ Pitcat Clinifi onion ' : 
A61M 5/30 



A2 



(11) Intern* Lena) PuWkatloQ Number: WO 0G/Q9186 

(43) Intern* ticoaJ Publication D*te: 24 Febrary 2X0 (24.02-00) 



(21) Interaaticral Application Number 



PCJ7US9*17*46 



(22) International FHiaj Date: 



10 Aogun 1999 (10DE99) 



| (30) Prisrity Date: 
6CW.464 



11 Augur. 1998 (11D8.9!) 



US 



(71) Applicant {for all designer i Stem except US): MHDI-JECT 

CORPORATION (US/US); Suits 100. 16! Ctohir Line, 
Minneapolis. MN 55441 (US). 

(72) la rerun; and 

OS) lamaan/Appficaflti {for US arty;-. SAOOWSKL Peter, L 
[US/US); 8974 Pteasaot Run Rad. Woodbury. MN 5505 
(USX DEBOER. Drrid. M. (US/US fc 1632 demr 
Road. WicAte, MN 55387 (US). BERMAN. Quite, L 
[USAJSt 1343 Blair Arenac, Si had, MN 55104 (USX 
LSSCR Paul, K It. [US/USfc 3978 Edgewood Road 
N£, Lminpoc. MN 55014 (USX HOLLAND. Mnprtt. 
L (US/US): Apesseai 3a U3J Hamlire Avenue. N.W„ 
Si Piul, MN 55108 (USX 

(74) Again HAR3ULAK. Stephen. J. a aL; Pennie A Edmorate 
LLP. 1 155 Avenue of the Ameren, New York, NY 10036 
(USX 



(81) Dedgsated S titer AE AL. AK AT. AU, AZ, BA BB, BO. 
BR. BY. CA, CH. Qi. CU, CZ. DE DK, EE ES, FI, GB, 
CD. GE GH, GM. HR, HU. ID. IL, IN, B. iP. ICE. KG. 
KP. KR. KZ. LC LX, IR. LS, LT. LU, LV. MD. MG MK, 
MN. MW. MX NO. NZ.FL FT, RO, RU. SD, SE SO. SI. 
SK. SL 77. 7VL TR. 7T. UA UG, US. UZ, VN. YU. ZA 
ZW. ARffO patent (GH. GM. ICE. LS. MW. SD. SL SZ. 
UG. ZW). Eurasian pawn (AM. AZ. BY. KG. KZ. MD. 
RU. T7, TMX Eurepem prern (AT, BE CH. CY. DE DK, 
ES, Ft FR, GB, GR. IE IT. LU, MC. NX, PT, SEX OAP1 
paw (BF, BJ. CF. CO, Cl. CK GA GN. GW. MU MR 
NESN.TD.TGX 



Published 

Wishote wernanoncl tern cM report and to be repudiated 
upm receipt of that report 





SflSQ2°&89C3S6SQ 



FOR THE rURTOSES OF INFORMATION ONLY 



Codes used a ideatfy Sutes piny to the PCT on be from pages of pamphlets publishing uuernariooal applictoocs under the PCT. 



*L Ahn 

AM Amau 

AT kiMirm 

AU A031& a 

A Z KuStm)ta 

&A Baea. cad Kjjwfim** 

B 8 luMa 

ie telfras 

Buitaa r*u 
Bulgaria 
Bath 
Brazil 
Ockna 
Cauda 

CoanJ AJhcm Static 
Cap 

I«teU 

Cten«at 
Cura 
Qua 
Qda 

CamhV^dik 
G emaay 
DK Ocaurt 
D Einua 




tUpaMcrf Bra 
KB RpUzdtm 

LC Sri. Lada 

UC MLafci 

LB Liberia 



LS Loo bo 

LT U*mm 
U> LnuWj 
I.V Lira 
MC Mow 
MO Bcp*ic d Uobfem 
MC 

MB Tt* fcrtKT YagsM* 

ML MaA 
MM Moagoia 

MW Makrt 
MX Maks 
Ml Mpr 
KL WWW 
NO Krnr 
K 1 IWZaW 
n. 

rr Nmpj 

BU ButePatew 
SD tat* 

SB lute 

« bn. 



9 SkMBl 

« »f»dk 

W SoepJ 

TO 04 

PC Tap 

T J Tapbtna 

TM TMwtai 

TH Twtry 

TT TrinttadTobep 
UA UWb 

L'C Upa* 

IS Uaaed SUE) rf Aarrn 

LX Uibctua 

VN VmKmi 

TU T^aakria 




W0W/W1M 



PCT.V'S99/]?W« 



NEEDLE ASSISTED JET INJECTOR 



EELD Q? THE INVENTION 

5 The present invention is directed lo 2 device for delivery of m edicam ent. and is 

paiticul 2 T to ajet injector with 1 short needle lo reduce the pressure at which the jet injector 
must eject the medicament for proper delivery. 

BACKGROUND OF THE INVENTION 

10 A wide variety of needleless injectors are known in the art. Examples of such 

injectors include those described in US. Patent No. 5,599,302 issued to Lilley et a!., UE. 
Patent No. 5,062,830 to Dunlap, and U.S. Patent No. 4,790,824 to Morrow et al. In general, 
these and similar injectors administer medication as a fine, high velocity jet delivered under 
sufficient pressure to enable the jet to pass through the skin. 

15 As the skin is a tissue composed of several layers and the injector is applied to the 
external surface of the outermost layer, the delivery pressure must be high enough to 
penetrate all layers of the skin. The layers of skin include, the epidermis, the outermost 
layer of skin, the dermis, and the subcutaneous region. The required deliver pressure is 
typically greater than approximately 4000 pxi. (measured as the force of the fluid stream 
20 divided by the cross-sectional area of the fluid stream). 

Although this pressure is readily achievable with most injectors, there are some 
circumstances in which delivery of medicament to the subcutaneous region under a reduced 
pressure is desirable. For example, dregs that require a specific molecular strectural 
arrangement, such as a linearprotein configuration, may be rendered ineffective due to 
25 shear forces caused by the delivery of the dreg at high pressures that alia the structural 
arrangement of the drug. As it is more difficult to deliver a large volume offluidaiahigh 
pressure compared to a small volume, using a lower pressure facilitates delivery of a larger 
volume of fluid. Furthermore, the lower pressure could make manufacturing an injector 
device less expensive. The Iowa pressure would also reduce adverse stresses on the device 
30 and result in a corresponding increased useable device lifetime. Moreova, the Iowa 
pressure would make ja injection compatible with medicament stored and delivered in 
glass ampules, which typically cannot withstand the pressure typically reached by ja 
injector*. 

One of the advantages as s o cia t ed with jet injector* is the absence oft hypodermic 
35 needle. Given the aversion to needles possessed by some, the absence of a needle provides 
a psychological benefit Even devices that utilize conventional hypodermic needles have 
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attempted 10 capitalize on this psychological benefit. For example, self, injectors or auto- 
injectors like the cues disclosed in U.S. Patents No. 4,553,962, 4.378,015 hive retrectiblc 
r.eedits which are hidden until activation. Upon activation, the needle extends from the 
bottom of die device and per.eauies the user's skin to deliver medicament. As none of these 
5 devices involves delivery of the medicament using jet injection, the medicament delivery 
location is limited by the length of the needle. For example, if delivery in the subcutaneous 
region is desired, the needle must be long enough to reach the subcutaneous region. 
Furthermore, as auto-injectors operate tike syringes, the injection time is several seconds or 
longer. In contrast, jet injectors Typically inject in fractions of a second. 

10 U.S. Patent No. 5J04.128 to Haber etal. describes a jet injecting syringe that uses a 

short needle to assist injection. The syringe uses a gas powered driven plunger to force 
medication through the syringe and out of the needle. The needle is retracted until the 
syringe is activated and then is extended to puncture the skin of the person injected. 
However, the needle remains extended after the syringe is used. The extended needie could 
1 5 lead to potential bi oh az ar ds and safety concerns, such as accidental injections and spreading 
of diseases. Also, the gas powered plunger is bo* complicated and expensive to 
manufacture. 

PCT Publication No. WO 99/03521 of Novo Nordisk discloses in undefined 
concept of “jet" injection. However, this publication does not teach one the details of the 

20 driving mechanism necessary to practice the concept 

PCT Publication No. WO 99/22790 of Elan Corporation teaches a needle 
injector having a retractable shield that conceals the needle both before and after use of the 
injector. The disclosed injector has a driving mechanism that operates on pressure created 
by a chemical reaction. Because of this chemically operated driving mechanism, the 
25 injecting time for the injector is at least three seconds and more likely greater than five 
seconds. This relatively long injection time may create discomfort in the patient receiving 
the injection. Also, the needle may move during the lengthy injection and add to the 
patients discomfort 

Even with minimally invasive medical procedures, it is advantageous to maintain 
30 the time for the procedures at a m i nimum Thus, there exists a need for a needle jet 
injector that operates it relatively low pressure and that is capable of quickly delivering 
medicament. There also exists a need for such an injector having a retractable or concealed 
needle to prevent the medical hazards associated with exposed needles 
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SUMMARY OF THE INVENTION 

The present invention relates to a needle assisted jet injecteT. in one embodiment. 
±z injection device includes a tousmg; a node assembly denning a fluid chamber, havmg 
cn opening for slidingly receiving ai least a portion of the needle and being removably 
5 associated with the housing; a phage: movable in the fluid chamber, a trigger assembly; a 
force geneating source operatively associated with the trigger assembly so that movensn 
of ine trigger assembly activr.es the energy source to move the plunger in a Erst direction to 
expel a fluid from the fluid chamber, and a retractable injection-assisting needle at a distal 
end of the injector. The retractable injection-assisting needle has a needle up located a: a 
10 distal end of the needie with at least a portion configured and dimensioned to slide through 
the nozzle assembly opening; a discharge channel within the needle tip and terminating in 
an orifice through which the fluid is expelled; a body portion to direct fluid towards the 
discharge channel; a plunger receptor configured and dimensioned to receive at least a 
portion of the plunger, and a redaction element operatively associated with the noale 
1 5 assdbly. The needle is located within the noale assembly in a retracted position prior to 
activation of the energy source. Movement of the plunger in the fint direction upon 
activation of the ene^y source results in at least a portion of the needle tip extending 
beyond the nozzle assembly opening and the retracuon dement returns the needle bp to the 
retracted posibon after acbvabon of the energy source. 

20 The retracbon element may be a resilient O-ring, a spring or a flexible membrane 
which moves to allow extension of the needle tip beyond the nozzle assembly opening and 
then returns to its original position to return the needle up to its retracted posibon. The 
needle body can have an exterior surface which includes a ridge or recess for 
accommodating the reliction dement. A shoulds can be disposed between the needle bp 
25 and the needle body for accommodating the retracbon element. Preferably, the needle bp, 
when extended, has a length of approximately 1-5 mm 

In a preferred embodiment, the jet injector includes a housing having distal and 
proximal ends; a fluid chamber located in the housing for holding at least about 0.02 to 3 ml 
of a medicament; an injection-assisting needle located in the distal end of the housing for 
30 delivering fluid from the fluid chamber, a plunger movable within the fluid chamber, a 
force generating source capable of providing sufficient force on the plunger to eject an 
amount up to about 3 ml of the medicament from the fluid chamber in less than 2.75 
seconds; a needle guard located at the distal end of the housing for concealing the needle, 
the needle guard being moveable between a protecting position and an injecting position; 

35 and an activation element operatively associated with the needle guard. Retraction of the 
needle guard from the protecting position to the injecting posibon exposes the needle so that 
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the fores gencating soiree can be sen wed. The foies generating secret moves the 
plunge: to expsi medicament from the fluid chamber and thereby ejects the mediants: in 
less than 2.75 seconds. 

Retra-ccn of the needle guard from the protecting position to the injecting position 
5 may activate the force generating source, which provides sufficient force to eject an amount 
of about 1 to 2 mJ of the medicament in less than about 2.5 seconds. The jet injector can 
also include a locking element associatod with the needle guard for locking the needle guard 
in the protecting position afler activation of the inj ecdon device and after return of the 
needle guard to the protecting position, to prevent re-oeposare of the needle. 

10 The activation element can include an inner housing located inside the housing and having 
trigger projections for maintaining the plunger in an idle position; and a latch located inside 
ths housing and circumferentially surrounding tbs inner housing, the latch being moveable 
between a finng position and an aimed position. Retraction of the needle guard to the 
injecting position urges the lamb toward the firing position, thereby releasing the trigger 
15 projections from the plunger and icrivaring the injection device. 

The jet injector can further include an e l asto meri c element, such as a spring element, 
that acts upon the needle guard and urges the needle guard toward the protecting position; 
wherein the elastomeric element returns the needle guard to the protecting position after the 
medicament has been ejected from the needle, thereby substantially re-enclosing the needle. 
20 The needle is mounted on a needle holder operatively associated with the needle and 
the distal end of the housing, such that rotation of the needle bolder places the needle in 
fluid communication with the fluid chamber. Preferably, the needle has a tip with a length 
of approximately 1-5 mm and the medicament is ejected at a pressure between around 100 
to 1 000 pi.i. and at a rale of at least 0.40 ml/sec 

25 The jet injector may also include a removable safety cap operatively associated with 

the distal end of the injection device such that rotation of the safety cap imparts rotation on 
the needle. At least a portion of the housing is made of a transparent or translucent ma teri al 
for allowing viewing of the fluid chamber. The medicament is preferably ejected at a 
pressure between around 100 to 500 p.s.i. and at a rate of about OJO ml/sec so that about 1 
30 ml of the medicament is qeaed in about 2 seconds. 

The fluid chamber may comprise an ampule having a distal end, a proximal end and 
an opening in each of the distal and proximal ends; a pierccablc seal associated with the 
opening in the distal end; and a stopper located in the proximal end of the ampule for 
maintaining the medicament inside the ampule. An alternative fluid chamber may be used 
35 such that activation of the force generating source moves the pieroeable seal towards the 
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injedion assisting needle to pierce the seal ar.d moves the stepper to eject medicament from 
the injection assisung needle. 

Toe present invention also relates to a method of delivering medicament to to 
injection site of a paaenL The method includes the steps of ex lading a needle com a 
5 shield prior to inserting the needle into the needle insertion point, the shield initiiDy 
concealing the needle; inserting the needle into the needle insertion point to a drpth of less 
than 5 ox, with the needle being in fluid communication with a fluid chamber that contains 
at least about 0.02 to 2 ml of the medicament; and applying a force sufficient to eject the 
medicament from the fluid chamber and through the needle to deliver the medicament to the 
IC injection site in less than about 2.75 seconds. The needle insertion point is located more 
superficial than the injection site. 

Preferably, the initial pressing of the shield against the injection site causes 
activation of the energy mechanism and may establish fluid communication between the 
needle and the fluid chamber. An additional step includes retracting the needle into the 
15 shield after the desired amount of medicament has been delivered to the injection sue and 
wherein the applied force for injecting the medicament is sufficient to eject in amount of 
about 1 to 2 ml of the medicament in less than about 2.5 seconds. The needle has a length 
of approximately 1*5 mm and the medicament is qected at a at a pressure between around 
100 to 1000 p.s.i. and at a rate of at least 0.40 ml/sec. Preferably, the medicament is ejected 
20 at a pressure between around 1 00 to 500 p ai ind at a rate of about 0 JO ral/sec so that 
about 1 mi of the medicament is ejected in about 2 seconds. 

BRIEF DESCRIPTION; O? J HE DRAWINGS 

FIG. 1 is a cross-sectional view of a needle assisted jet injector according to the 
25 present invention; 

RG. 2 is a cross-sectional view of the needle on the jet injector of FIG. 1 ; 

FIG. 3 is a perspective view of the needle of FIG. 2; 

FIG. 4 is an enlarged cross-sectional view of the jet injector of FIG. I with the 
needle in the retracted position; 

30 FIG. 5 is an enlarged cross-sectional view of the jet injector of FIG. 1 with the 
aeedle in the extended position; 

FIG. 6 is a perspective view of a second embodiment of the needle according to the 
present invention; 

FIG. 7 is a partial cross-sectional view of a jet injector according to the present 
35 invention with the needle of FIG. 6 in the retracted position; 
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FIG. 8 is i partial cross-sectamJ view of a jet injector according to the poses' 
invention with the needle of FIG. 6 in the extended position; 

FIG. 9 is a cress -seen anal view of another embodiment of the present tavenuoo with 
a flexible member as the retraction decent and the needle in the retracted position; 

5 FIG. 10 is a cross-secacaai view of the embodiment of FIG. 9 with the needle in the 

extended position; 

FIG. 1 1 is a crcss-scoional view of a two piece nonle assembly having a fixed 

needle; 

FIG. 12 is a cross-sectional view of another embodiment of a two piece nozzle 

10 assembly having a fixed needle; 

FIG. 13 is a cross-sectional view of another embodiment of a two piece ooalc 
assembly having a fixed needle; 

FIG. 1 4a is a cross-secrioaal view of a needle assisted jet injector according to a 
preferred embodiment of the present invention; 

15 FIG 14b is a cross-sectional view of the needle assisted jet injector of FIG. 1 4a taken 
along a plane pcpcndicuiar to that of FIG. 14a; 

FIG. 1 5 is a perspective view of the outer housing of the needle assisted jet injector 
ofFIGS. Ua and 14b; 

FIG. 16 is a penpcctive view of the inna housing of ihe injector ofFIGS. 14a and 

20 14b; 

FIG. 17 is an elevations] view ofzhenmofiheinjeaor ofFIGS. 14a and 14b; 

FIG. 1 8a is perspective view of the iaich assembly ofFIGS. 14a and 14b; 

FIG. 18b is a cross-sectional view of the latch assembly ofFIGS. 14aand 14b taken 
along line A-A of FIG. 18a; 

25 HG. 19 is a perspective view of the needle holder ofFIGS. 1 4a and 14b; 

FIG. 20a is a cross-sectional view of the canridge assembly ofFIGS. 1 4a and 14b; 

FIG. 20b is i cross-sectional view of an alternative embodiment of the cartridge 
assembly ofFIGS. 14a and 14b; 

nG. 21a is a cross-sectional view of the needle assembly ofFIGS. 14a and 14b; 

30 FIG. 21b is a cross-sectional view of the injecting needle of FIGS. 14a and 14b; 

FIG. 22a is a perspective view of the needle guard of FIGS. 14a and 14b; 

FIG. 22b is a cross-sectional view of the needle guard ofFIGS. 14a and 14b taken 
along line A-A of FIG. 22a; 

FIG. 23a is a perspective view of the needle guard cap ofFIGS. 14a and 14b; 

15 FIG. 23b is a perspective view of the needle guard cap ofFIGS. 14a and 14b; 

FIG. 24 is a perspective view of the locking ring of FIGS. 14a and 14b; 
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FIG. 25 is a perspective view of the safety cap of FIGS. 14a and 14b, 

FIG. 26 is a cress-seaional view of the needle cap of FIGS. Ua and Mb; 

FIG. 27 is a schematic expressing a pressure-time curve for a jet injector. 

5 BgSCRgflPN OF TH£ PR-FmSD EMBODIMENTS 

ror convenience, the same or equivalent elements of the invention of embodiments 
illustrated in the drawings have beer, identified with the same reference numerals. Furthc, 
m the description that follows, any reference to either orientation or direction is intended 
pri.i^riiy fo. the convenience of description and is not intended in any way to limit the 
1 0 scope of the present invention tierem. 

As shown in FIG. 1, a jet injector 10 according to the present invention comprises a 
coz 2 le assembly 12 attached to a housing 14. As used in this application, the term distal 
' shali ******* ® d or dilation toward the front of jet injector 1 0. The term proximal 
shall designate the end or direction toward the rear of the injector. The tenn longitudinal 
15 designams an axis connecting noale assembly 12 to jet injector 10, and the tenn transverse 
designates a direction substantially pe^cndicular to the longitudinal direction including 
arcs along the surface of jet injector 1 0. or nozzle assembly 1 2. 

Nozzle assembly 12 can be threadabiy connected to housing 14 such that it can be 
readily attached and detached. Alternatively, other known structures for mounting or 
20 attaching two components can be utilized as well to detachably mate nozzle assembly 12 to 
housing 14. In this manner, injector 1 0 can be reused with various nozzle assemblies that 
may contain different medications of different doses either together or at different times. 

For instance, nozzle assembly 12 can be prefilled with medication and disposed of after 
each use. Further, a medication filling device such as a coupling device can be used to fill 
25 the fluid chamber with medication. U.S. Patent No. 5,769,138 to Sadowsb cl al., the 
disclosure of which is herein incorporated by reference, is directed to such a coupling 
device. 

A trigger assembly 1 6 is located at die proximal end of housing 14. Trigger 
assembly 16 activates and triggas an energy source or force generating means 1 8 which 
30 forces medieament out of nozzle assembly 12. Energy source 18 cm bet coil spring, igu 
spring, or a gas propellant 

According to a first embodiment of the present invention, nozzle assembly 12 has an 
injection assisting needle 20 movable within noale assembly 12. Needle 20 will be 
discussed in detail after first describing the other components of injector 10. The nozzle 
35 assembly 12 includes a noale member 22 having an opening 24 at the distal end, preferably 
having a diameter of about 0.04-0,4 inches or any other suitable diameter that would allow 
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Tor the introduction of injection assisting needle 20 therein. Nozzle memb er 22 includes t 
cylindrical fluid chamber 26 tenmnaring at the disui end m a right circular cone 25. Cone 
25 can be a convex cone (as shown), a right cralar cone, or any other suitable 
configuration. A plunger 30 having a pressure wall contoured to com. 28 is positioned to 
5 slide within fluid chamber 26. Plungs 30 can indite tiling means such as ooc or nore 
O-rings or the like (not shown) that ire formed around its outer periphery to provide a seal, 
or the piunger itself can be a seal, as described in US. Patent No. 5.062,830, the disclosure 
of which is incorporated herein by reference. The plunger can also include additional 
seeling means at spaced intervals to provide a better seal. 

10 Plunger 30 is connected to a ram 32 which in turn is connected to energy source IS. 

Alternatively, ram 32 can be integrally formed with an energy mechanism if desired An 
inertia mass 34 is connected to or integrally formed with ram 32 near the cad of ram 32 
closest to plunge 30. Inertia mass 34 can be removably connected to ram 32 such that the 
mass can be adjusted to accommodate different types of injections, taking into 
15 consideration, for instance, the viscosity of the medication, the initial pressure build up 
desired, the strength of energy source 18, and the depth of injection penetration, etc. Inertia 
mass 34 cooperates with ram retainer 36 to limit the distance that ram 32 can travel toward 
nozzle assembly 12. One important safety aspect of this feature is that ram 32 cannot 
become a dangerous projectile if injector 10 is fired when nozzle assembly 12 is not present. 
20 Triggc assanbly 16 includes a trigger extension 38 having a trigger engaging notch 
40. Trigger extension 38 is attache d to the end of ram 32, for example, by a threaded 
engagement. Trigger assembly 16 also comprises a latch housing sleeve 42 fixedly attached 
to an actuating mechanism 44. Actuating mechanism 44 is shown as a threaded coupling 
that operates by rotation movement. Latch housing sleeve 42 has a throug hbo rc 
25 dunensioned to allow passage of trigger extension 38. Latch housing sleeve 42 further has a 
plurality of sidewall openings 46 dimensioned to allow passage of balls or ball bearings 48. 
A Tubular burton 50 having one open end and a closed end is teiescopingly position ed with 
latch housing sleeve 42 as shown. Button 50 has a circumferential or ann ^fa r groove 52 
formed on tn inner wall 54 thereof to allow portions of the balls 48 to engage groove 52 
30 when trigger assanbly 16 is in the fired position, i.c, not engaged wiih trigger extension 38 
(not shown). Balls 48 are positioned so that they are substantially flush with an inner side 
wall surface 56 of latch housing sleeve 42 to allow trigger extension 38 to pass through 
latch housing sleeve 42. A latch ball retaining cup 58 is teiescopingly positioned within 
button 50. A compression spring 60 is positioned between the cup 58 and button 50 to bias 
35 burton 50 and cup 58 away from each other in the axial direction. 
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The sauccire of injection asst sang needle 20 is best seen ia FIGS. 2 and 3. N eed le 
20 has a plunger recepar 62 a: the praxhaal end which is configured to accommodate 
Flungr 30 as it slides within fluid chamber 26. Although plunger receptor 62 can be cf any 
shape ccricnning to the extenor erofiie of plunger 30. it is preferably conical A needle 
3 inner wall 64 is contoured to narrow like a funnel to a needle discharge channel 66 to 
accelerate the Quid as it is discharged. Needle discharge channel 66 extends to a discharge 

orifice 65 atthtdisa! tad of need: 20 . Needle discharge orifice 6S has a diameter of 0.004 
to 0.012 meats. Preferably, the diameter is 0.005 to 0.C075 inches. 

The outer periphery of needle 20 can be of varied geometries such that it fits within 
>0 fiuid chamber 26 ofnoazie assembly 12. Advantageously, needle 20 has a conical body 
seoucc 70 which narrows gradually or tapers towards a cylindrical body section 72 of 
smaiier circumference. Prefaably, a shoulder 74 is positioned to separate a needle tip 76 
from cylindrical body seaion 72. Needle tip 76 is also cylindrical, but has a smaller 
circumference than cylindrical body section 72 such that needle tip 76 can fit within and 
1 5 extend through opening 24 of noale assembly 12. However, cylindrical body section 72 of 
needle 20 has a circumference such that shoulder section 74. existing at the transition 
between cylindrical body section 72 and needle tip 76. prevents cylindrical body section 72 
from existing within opening 24. The length of needle tip 76 from its end to shoulder 74 is 
approximately 1 to 5 mm. Thus, needle tip 76 will penetrate the shin to a depth less than 5 
20 mm. It should also be noted that although needle tip 76 is shown having a single beveled 
end at a 45 * angle, needle tip 76 can have any shape that pmetntes the akin. 

As shown in FIGS. 4 and 5, needle 20 is positioned coaxially and raractably within 
the distal end of fluid chamber 26 sueh that when injector 10 is fired, needle tip 76 extends 
out opening 24 of nozzle assembly 12 at a speed sufficient to penetrate the outer layer of 
25 skin. By inserting needle tip 76 to a dqith less than 5 mm. typically only the epidensis of 
the skin is penetrated and the pressure seeded to deliver the medicament to the desired 
region by jet injection is lower than that would otherwise be needed with oeedleless jet 
injection. While deliver of medieamenl by syringes and auto-injeetors is limited by the 
length of the needle, the needle assisted jet injector according to the present invention 
30 dehvere the medicament to a depth deep? than the length of tbe needle. This depth can 

include any region of tbe skm and beyond including iatraderaial, subcutaneous, and 
inirvnusculir. 

To provide a seal between oeedle 20 and fiuid ehamber 26, needle 20 includes a 
sealing means such u an O-ring 78 or the like formed around the outer periphery of need le 
35 20 and accommodated by slot 80. In an alternative embodiment shown in FIG. 6. needle 
120 itself is the seal Thus, slot 80 it not needed. Needle 120 also differs from needle 20 in 
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±H cylindrical body section 72 is absent so that conical body section 70 term mates at 
shoulder 74. 

FIG. 5 illustrates injection assisting needle 20 in its extended position. Needle tip 
76 extends beyond the d-ui end of nozzle assembly 12. Sboulder 74 abuts the bored ou: 

5 inner section of nozzle opening 24 to prevent needle 20 from extending beyond needle tip 
76. A retraction element 82, in this embodiment a spring, is compressed to provide a recoil 
fcrce once the medicament is expelled so that needle tip 76 will retract back into nozzle 
opening 24. Needle 20 preferably has a ridge 84, the distal surface of which provides an 
annular area for the compression of retraction element 82. Alternatively, a washer can be 
10 used instead of the ridge 84 to contain O-ring 78 and compress the retracting mechanism 
during operation. 

FIGS. 7 and 8 show needle 120 of FIG. 6 with nozzle assembly 12 in which 
reraction element 82 is a resilient O-ring or other like material brown to those skilled In the 
art When an O-ring is used as rrtracrion element 82, it can also act as a scaling 
15 mechanism, and for this reason the O-ring is preferred. The interior of needle 120 is similar 
to that of needle 20. FIG. 7 illustrates needle 120 in the retracted condition, before 
expelling medicament, and FIG. 8 shows the extended condition during which medicament 
is expelled. Similar to embodiments previously described, this embodiment functions to 
extend the needle tip 76 beyond nozzle opening 24 and penetrate the outer layer of the 
20 patient's skin during operation. Also, similar to embodiments previously described, needle 
1 20 also preferably has ridge 84 around the proximal end to provide a surface which 
compresses the resilient mattrial when the injector is triggatd. 

Another embodiment of the present invention, shown in FIGS. 9 and 1 0, uses a 
flexible memba- 86 as the retraction element. FIG. 9 illustrates the neutral condition before 
25 expelling the medicament. Flexible membrane 86 spans between walls 88 of nozzle 
assembly 12 which define fluid chamber 26 for bolding medicament Similar to 
embodiments previously described, the distal end of nozzle walls 88 act to conceal needle 
tip 76 until the injector is fired. Needle 220 is attached to flexible membrane 86 by any 
conventional means known to those skilled in the art. Preferably, needle 220 is integrally 
30 auached to flexible membrane 86 with an adhesive. FIG. 10 shows needle 220 in its 
extended position where the needle tip 76 extends beyond the aid of walls 88 such that 
needle tip 76 pe n et rat es the outa layer of sirin to allow injection and deliver of the medicine 
at reduced pressure. 

Other embodimaits of the presait invention relate to injectors with a fixed needle, 

35 i.e. a non-retracting needle that permanaitly extends beyond the nozzle assembly. Botha 
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onc-piscc and a two-piece no 2 zl: assembly with a fixed need’s can be used and art 
contemplated by this invention. 

FIGS. 11 arc 12 show embodiments of the present invention with a rwo piece 
nozzic assembly with a fixed needle 320. A first section 90 of nozzle assembly 12 has 
5 needle 320 at the disui end and can either be attached internally or externally to a second 
secucn 92 to form nozzle assembly member 12. Although any conventional attaching 
means can be used, such as solvent or adhesive boodmg, FIG. 1 1 shows a preferable 
friction-fitting o: snapping attaching means 94 for both internal and external attachment of 
firs: section 90 and second section 91 FIG. 12 shows a preferable ultrasonic bonding 
19 means 96 of attachment. Although ultrasonic bonding features 96 can be placed a: any 
location to attach the two pieces, preferably, the ultrasonic bonding features 96 are along th 
distal end a. the interface between nrst and second sections 90, 92 to facilitate ease of 
manufacturing. 

.Another embodiment of a multi-piece nozzle assembly with fixed needle 320 is 
15 shown in FIG. !3. The nozzle assembly consists of nozzle member 22 having aa opening 
24 designed to receive a tubular insen to create fixed needle 320. Although FIG. 13 shows 
a multi-piece nozzle assembly, fixed needle 320 can be made to be integral with nozzle 
assembly 12. 

FIG. 14a and FIG. 14b depict a preferred embodiment of the present invention 
20 having a retractable shield around the needle. Aa inner housing 25. shown in FIG. 16. 
snaps inside an outer housing 45, using a pair of snaps 65 located on the inner housing 25. 
Th: snaps 65 protrude tough openings 85 in the outer housing 45. shown in FIG. 15, and 
maintain the inner housing 25 and the outer housing 45 in a fixed relationship with one 
another. Other techniques known in the an, such as gluing and welding, could be used to 
25 hold the inner housing 25 and outer housing 45 togeto. 

The inner housing 25 has three trigger protrusions 100 extending &om its distal end. 
These trigger protrusions 100 are shaped to mate with an annular recess 140 in ram 125 
(FIG. 1 7). Ram 125 is urged toward the disul end of the injector with a compression spring 
240, however other energizing devices capable of producing an injection of up to 2 ml in 
30 about 2.5 seconds or less could be used. These energizing sources typically include robber 
elastomers and compressed gas cartridges. A latch 160, shown in FIG. 1 8a, is slidable 
inside the outer housing 45 and surrounds the inner bousing 25. The latch 160 has a barrel 
portion 1 80 at its di st a l end and a pair of extensions 200 at its proximal end. When the jet 
injector is ready to be fired, ridge 225 on the barrel portioo 180, shown in FIG. 18b, 

35 contacts the trigger protrusions 1 00 and maintains them in the annular recess 1 40 in ram 
125, preventing theram 125 from firing under the force of compression spring 240. 
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A needle holds? 260, shown in FIG. 19, mourns onto the ions housing 25 with right 
kar.d threads 280 and holds a cartridge assembly 300 inside the inns housing 25. As fces: 
shewn in FIG. 20a, the cartridge assembly 300 conr.rs of a glass ampule 320 having an 
opening 340 in its proximal end and a seal 360 on its distal end. The glass ampule 320 
5 typically colds between 0.02 and 2x1 of a medicament 400. Instead of glass, the ampule 
320 can also be coasmucted of metal or oths suitable materials known in the art. A rubber 
stopps 380 is slideable within the giass ampule 320 and seals the opening 340 in its 
proximal end of the glass ampule 320 so the medicament 400 stays inside the giass ampule 
320. The seal 360 on the distal end comprises a rubber seal 420 formed on the end of the 
10 ampule 320 by conventional techniques, such as an aluminum cap 440 having a hole in its 
end. The ram 125 extends into the opening 340 in the proximal end of the glass ampule 32C 
and abuts the rubber stopper 380. To provide a visual mdicauon of the device’s status, at 
least a portion of the outer housing 45 is constructed of transparent or translucent material, 
so that the cartridge assembly 300 can be viewed by the user. 

15 A ueedle assembly 460, shown in FIG. 21 1 consists of an injecting needle 480 glued 

inside a longitudinal pocket 500 in the needle bub 520. Grooves or other surface treatment 
on the longitudinal pxket 500 and on the injecting needle 480 enhance bonding between 
the injecting needle 480 and the needle hub 520. Alternatively, other known methods of 
fixing, such as molding, may be used to secure the injecting needle 480 to the needle hub 
20 520. 

To allow for an appropriate injection time, the injecting needle 4S0 is of 27 gauge, 
however other gauges may be suitable for different applications. The length of the needle 
480 that extends beyond the distil end of (he needle hub 520, and is used for injection, is 
preferably between 1 and 5 mm. As shown in FIG. 21b, the injecting needle 480 preferably 
25 has a 30° point This angle decreases the length of the bevel 481 and thereby increases the 
effective length of the lumen 483. The increase in the effective length of the lumen 483 
reduces the percentage of incomplete injections. 

Needle assembly 460 is mounted to the needle holder 260, and clockwise rotation of 
the needle holder 260 approximately one quarter of a turn threads it further into the inner 
30 housing 25 and fortes the proximal end of the injecting needle 480 through robber seal 420, 
thereby creating the drug pafiu 

A needle guard 540, depicted in FIG. 22a, is located at the distal end of the injecting 
device and coneeals the injecting needle 480. The needle guard 540 snaps together with the 
needle guard cap 560, which is shown in FIGS. 23a and 23b. The needle guard cap 560 
35 slides on extensions 200 of the lamh 1 60, thereby allowing the needle guard 540 to slide 
longitudinally on the distal end of the injector to expose the injecting needle 480. Feet 580 
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a: the end of extensions 200 prevent the needle guani cap 560 and consequently the needle 
guard 540 from sliding completely off the end of the device. 

Recesses 6-D0 in the needle guard 540 and corresponding bosses 620 on the needle 
holder 260 translate any rotation of the needle guard S40 into rotation of the needle holder 
5 260. Abinmmts 655 on the inner surface of the needle guard cap 560, shown in FIG. 23b, 
are positioned relative to the feet 580 of the latch 160 to inhibit counter-clockwise rotation 
0 * the needle holder 260. This prevents the user from unscrewing the device and removing 
the cartridge assembly 300 from it 

The needle guard cap has a inner flange 635 with a pair of cutouts 645 therein. The 
10 cutouts 645 correspond to the pair of bosses 625 on the inner housing 25. The flange 635 
acts to prevent motion of the needle guard cap 560 and the needle guard 540 toward the 
proximal end of the device unless the eutouts.645 are rotated into alignment with the pair of 
bosses 625. This arts as a safety feature to prevent accidental firing of the injector. 
Alternatively, ether known mechanisms, such as a removable safety strip can be used to 
1 5 prevent accidental firing of the injector. 

A return spring 660 rests on the needle holder 260 and urges the needle guard 540 
toward the distal end of the injector, thereby keeping the injecting needle 480 concealed. A 
pair of stops 640, shown in FIG. 23, extend from the needle guard cap 560 and are 
positioned relative to bosses 625 on the inner housing 25 such that the needle guard 540 and 
20 needle holder 260 cannot route clockwise under the force of return spring 660. 

Pressing the needle guard 540 toward the proximal end of the device eapvs the 
needle guanl cap 560 to push the latch 160 longitudinally toward the proximal end of the 
device, thereby moving the ridge 225 on the barrel portion 180 of the latch 160 cCTthe 
trigger protrusions 100 on the inner housing 25. This allows the trigger protrusions 100 to 
25 flex out of the annular recess 140 in the ram 125, thereby causing the ram 125 to fire under 
the force of compression spring 240. When the ram 125 fires, it slides rubber stopper 380 
in the glass ampule 320 toward the distal end of the device, causing the medicament 400 to 
flow through the drug path (created by turning the needle holder 260 clockwise one quarter 
aim prior to firing, as discussed above) and eject from the injecting needle 480. 

30 As depicted in FIG. 22b, needle guard 540 has a pocket 680 located therein. A 
locking ring 700, shown in FIG. 24, sits in pocket 680 and prevents re-exposure of the 
injecting needle 480 after the device has been fired. Locking ring 700 has multiple splayed 
legs 720 and an undercut 740 that mates with extensions 760, which protrude from the 
needle holder 260. Upon depression of the needle guard 540 toward the proximal end of the 
35 device, extensions 760 engage the undercut 740 and become locked thereon. When the 
needle guard 540 returns to its original position, the locking ring 700 is pulled from pocket 
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630 in the needle guild 540 and splayed legs 720 expand radially outward. Upon an 
attempt to re -depress the needle gusd 540, splayed legs 720 catch shoulder 780 on the 
needle guard 540 and restrict nirihe movement of the needle guard 540, thereby preventing 
re-expesurt cf the injecting needle 480. 

5 The device also features a removable safety cap 800 that slides over the needle 

guard 540 and coven the device prior to its use. The safety cap 800 includes a needle cap 
820 (FIG. 26) connected thereto, the needle cap 820 forming a sterile ba.*rier around the 
needle assembly 460. As shown ic FIG. 25, the safety cap 800 has four longitudinal 
recesses 860 equally displaced about its inner surface 840. These longitudinal recesses 860 
1 0 are dimensioned to accept two cr more bosses 880 located at corresponding locations on the 
needle guard 540. Because of these two features, clockwise rotation of the safety cap 800 
causes corresponding rotation of the needle guard 540 and the needle bolder 260. Thus, the 
user may turn the safety cap 800 clockwise one quarter tun, prior to removing it from the 
device, to create the drug path and prepare the device for injection. 

1 5 The device of the preferred embodiment is operated by first turning the safety cap 

800 clockwise one quarter of a tun, to create the drug path by inserting the proximal end of 
injecting needle 480 into the ampule 320. Rotating the safety cap 800 also aligns the 
cutaways 645 in the safety cap 560 with the bosses 625 on the inner housing 25, allowing 
the needle guard 540 to be depressed. Next the safety cap 800 and consequently the needle 
20 cap 820 are removed from the device. As the distal end of die device is pressed against the 
injection site, the needle guard 540 moves longitudinally toward the proximal end of the 
device and the injecting needle 480 enters the skin to a depth of between 1 and 5 mm. The 
movement of the needle guard 540 causes the rim 1 25 to fire and consequently between 
0.02 and 2.0 ml of medicament 400 is forced out of the ampule 320 and through the drug 
25 path in under about 2.75 seconds. Once the device is removed from the injection site, the 
needle guard 540 returns to its original position under the force of return spring 660, 
concealing the injecting needle 480. The locking ring 700 locks the needle guard 540 in 
place to prevent re-exposure of the injecting needle 480. Alternatively, a push button could 
be l ocate d a: the proximal end of the device and be locked in an idle position. The 
30 movement of the needle guard 540 could unlock the push button and allow the user to 
depress it and consequently fire the device. 

FIG. 20b shows another embodiment of the cartridge issaably 302 of the prefentd 
embodiment. The cartridge assembly 302 comprises a glass ampule 322 and a needle 
assembly 462 sealed on its distal end. A piertcable seal 422 is located is proximity to the 
35 proximal end of the injecting needle 482 and creates a barrier between the medicament 402 
and the injecting needle 482. A rubber stopper 382 is slideable within the glass ampule 322 
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and seals an opening 342 in its proximal end so the medicament 402 stays inside ts: glass 
ampule 322. Upon firing of the injector, the ram 125 urges the rubber stopper 382 tow-arc 
the distal er.d of the injector. Since the medicament 402 is an incompressible fluid, the 
piexeabie s*ud 422 is foxed onto the dirjJ cad of the injecting needle 482, thereby 
5 breaking the barr.rr and creaung the dreg pai. With this cartridge assembly 302, no 
turning of the device is required to create the dreg path, and the threads on the inner housing 
25 and on the needle holder 260 can be replaced by known permanent fixing techniques, 
such as giuing or welding. 

A sigrJncant advantage of the needle assisted jet injector according to the present 
1 0 invention is that it allows for a lower pressure to deliver the medicament a: the desired rate. 
In ±15 rc gard, administering an injeoico using either a fixed or retracuble needle requires 
less energy and force than conventional jet injector devices. FIG. 27 shows a pressure -ume 
curve for a jet injector. The peak pressure at point c is the pressure needed to penetrate the 
skin and point d and beyond is the pressure at which a jet stream of medicament is 
15 delivered. As shown in the chart below, needle assisted jet injectors do not need to achieve 
as high as peak pressure as conventional jet injectors because the outer layer of skin is 
penetreted by the needle. 





Pressure ud Tune (sec) to Iajeet 1 ce 




Pressure 


26 Gauge needle 


27 Gauge needle 


150 psi 


11 


4.2 


200 psi 


1.9 


3.9 


240 psi 


1.7 


3.3 


375 psi 


1.4 


3.1 



awhieve a short injection time. It is also possible that a lower steady state pressure can be 
used to deliver the jet stream after the needle and the jet injection have reached the desired 
region. 

Reduced opening pressure decreases the chances of glass ampuie breakage. The 
chart below shows the statistical predictions of breakage for glass cartridges at different 
pressures, based on the Gausian distribution of actual breaka ge rates at various pressures. 

' r i.i Jl ^ rakag* Ratd’/orCiass 

Pressure (psi) Breiksje Rite 

310 1.5* ia" 

412 1 . 0 * 10 * 



a 
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It can be seen that a relatively small increase in pressure (=100 p.sj.) increases the breakage 
rate by two orders of magnitude. Thus, the reduced operating pressure of the needie 
assisted injection device of the present invention greatly reduces the risk of ampule 
breakage. 

5 Experimentation has confirmed that the needle assirxd injector according to the 

presect invention can be operated using a lower generating energy source and still maintain 
the qualify of the injection. Specifically, experimentation has shown that a higher 
percentage of successful injections can be achieved with a needle assisted jet injector having 
a needle that penetrates the skin to a depth of 1 mm and 20 lb. force generating means as 
10 with a conventional needieiess jet injectors having 5 5 lb. force generating means. Similar 
results have been achieved with needles that penetrate 1-3 mm and force generating sources 
providing 20 lbs. and 40 lbs. of force. 

Another advantage of the needle assisted jet injector according to the present 
invention, shown in the chart below, is the decreased injection time compared to s>Tuiges 
15 or aato-injectora. 



Comparison of Operating Properties for Injection Devices 
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Time 
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Chamber 
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Injection 
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(inches) 




(ml) 




Jet Injector 


110 


0-233 


2111 


03 


0.165 


1“ Needle Assisted Injector 


30 


0352 


227 


0.5 


<1 


2“ Needle Assisted Injector 


15 


0_23 1 


233 


0.5 


<1 


Conventional Syringe 


N/A 


0351 


5 


0.5 


3-5 



As previously discu s sed, auto- injectors and syringes have injection times of several seconds 
or more. During this injection time, the quality of the injection can be compromised due to 
any number of factors. For example, the patient could move the syringe or auto-injector 
prior to completion of the injection. Such movement could occur either accidently or 
intentionally because of injection-related pain. In contrast, the needie assisted jet injector, 
like other jet injectors, can have an injection time of less than 1 second. The short injection 
time minimizes the possibility of compromising the quality of the injection. 

While it is apparent that the illustrative embodiments of the invention herein 
disclosed fulfil the objectives stated above, it will be appreciated that numerous 
modifications and other embodiments may be devised by those skilled in the art. Therefore, 
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ii will be understood that the appended clajns art miended to cove: all such mod:5a:icos 
and erroocirr.cr.ts which come within the spirit and scope of the present invention. 



Claims 



5 



50 



55 
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SHCLAIMS 



What is claimed is: 

! . An injection device comprising a dousing, a noale assembly denning a fluid 
5 chamber, having an openmg for slidingly receiving ax least a ponion of the needle and bemg 
removably associated with the housing, a plunger movable in the fluid chamber, a trigger 
assembly, a feme generating source operanvely associated with the tngger assembly so that 
movement of the tngger assembly activates the energy soume to move the plunge: in a first 
direction to expel a fluid from the fluid chamber, and a retractable injection-assisting needle 
10 at a distal end of the injector, said renactabie injection-assisting needle comprising: 
a needle tip located at a disal end of the needle with at least a ponion 
configured and dimensioned to slide tough the nozzle assembly opening; 

a discharge channel within the needle tip and terminating in as orifice 
tough which the fluid is expelled; 

15 a body portion to direct fluid towards the discharge channel; 

a plunger receptor configured and dimensioned to receive at least a portion 
of the plunger, and 

a retraction element opcraii veiy associated with the noale assembly, 
wherein the needle is located within the nozzle assembly in a retracted position prior to 
20 activation of the energy source; movement of the plunger in the fust direction upon 
activation of the energy source results in at least a portion of the needle tip extending 
beyond the nozzle assembly opening; and the retraction element returns the needle tip to the 
retracted position after activation of the energy source. 

^ inj ection device of claim 1, wherein the retraction element is a resilient 

O-nng, a spring, or a flexible membrane which moves to allow extension of the needle tip 
beyond the noz^e assembly opening and then returns to its original position to return the 
needle tip to its retracted position. 

30 3. The injection device of claim 1 , wherein the needle body has an exterior 

surface which includes a ridge or recess for accommodating the retraction element. 

4. The injection device of claim 1 1 wherein a shoulder is disposed between the 
needle tip and the needle body for accommodating the retraction elemenL 
35 
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5. The injection device of claim 1 , wherein the needle tip, when extended, has a 
length of approximately 1-5 nun. 

6. An injection device comp rise* : 

5 a housing having distal and proximal ends; 

a fluid chamber iocaxed within said housing for holding at leas: about 0.02 ml to 3 
ml of a medicament, 

an injechon-assirjng needle located in the distal end of said housing for delivering 
fluid from the fluid chamber, 

1 0 a plunger movabl e within the fluid chamber, 

a toxe generating source capable of providing sufficient force on the plunger to 
eject an amount up to about 3 ml of the medi c ament from the fluid chamber in less than 
2.75 seconds; 

a needle guard located at the distal end of said housing for concealing said needle, 

1 5 the needle guard being moveable between a protecting position and an injecting position; 
and 

an activation element operatively associated with the needle guard; 
wherein retraction of the needle guard from the protecting position to the injecting position 
exposes the oeedle so that activation of the force generating source moves the plunger to 

20 expel medicament from said fluid chamber and thereby eject the amount of the medicament 
in less than 2.75 seconds. 

7. The injection device of claim 6, wherein retraction of the needle guard from 
the protecting position to the injecting position activates the force generating source and the 

25 force generating source provides sufficient force to eject in amount of about 1 to 2 ml of 
the medicament in less than about 2 J seconds. 

8. The injection device of claim 7, further comprising a locking element 
associated with the needle guard for Ixktng the needle guard in the protecting position afte 

30 activation of the injection device and after return of said needle guard to the protecting 
position. 

9. The injection device of claim 6, wherein the activation element comprises: 

an inner housing loc a t ed inside the bousing and having trigger projections for 

35 maintaining the plunger in an idle position; and 
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a lamb located Inside the housing end oreumferer.tially sureousding the inner 
housing, the Utcb being moveable between a firing position and an anncd position; wherein 
rencuoa of the needle guard to the injecting position urges the iatoh toward the finng 
position, thereby releasing the nigger projections boa the plunger and activating the 

5 injection device. 

10. The injection device of claim 6, further comprising an elastomeric element 
acting upon the needle guard and urging Ac needle guard toward the protecting posidon; 
wherein the elastomeric clement returns the needle guard to the protecting position after the 

10 medicament has been ejected from the needle, thereby substantially re-enclosing A: needle. 

11 . The injection device of claim 6, wherein the needle is mounted on a needle 
holder operatively associated with Ac needle and the distal end of the housing, such that 
rotation of the needle bolder places the needle in fluid communication with Ac fluid 

15 chamber. 

12. The injection device of claim 6, further comprising a removable safety cap 
operadvely associated with the distal end of the injecdon device such that rotauon of Ac 
safety cap imparts rotation on Ac needle. 

20 

13. The injection device of claim 6, wherein Ac needle has a dp wi A a length of 
approximately 1 -5 mm and Ae medicament is ejected at a at a pressure between around ! 00 
to 1 000 p.s.i. and at a rate of at least 0.40 mVsec. 

25 14. The injection device of claim d.wberein at least a portion of Ae housing is 

made of a tansparent or translucent material for allowing viewing of Ae fluid chamber, and 
the medicament is ejected at a pressure between around 100 to 500 p.s.i. and at a rate of 
about 0.50 ml/sec so that about 1 ml of the medicament is ejected in about 2 seconds. 



30 15. The injection device of claim 6, wherein said fluid chamber comprises: 

an ampule having a distal end. a proximal end and an opening in each of Ae distal 
and proximal ends; 

a piereeable seal associated wiA Ae opening in the distal end; 
a stopper located in Ae proximal end of Ae ampule for maintaining Ae medicament 
35 inside Ae ampule. 
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16. The injection device of claim 15. wherein activation of the force generating 
source “oves the pierceabic seal towrds the injection assisting needle to pieree the seal and 

the sapper tc ejec: medicament from the injection assisting needle. 

17. a mediod of delivering medicament to an injection site of apaaen; 

5 comprising the steps of: 

extending a needle from a shield prior to inserting the needle into the needle 
insertion point, said shield initially ccr.aalmg the needle; 

insemag the needle into the needle insertion point to a depth oficss than 5 mm, with 
the r.eedie being in fluid commumcaucn with a fluid chamber that contains at least about 

10 0.02 to 2 ml of the medicament; and 

applying a force sufficient to eject the medicament from the fluid chamber and 
through the needle to deliver the medicament to the injection site in less than about 2.75 

seconds, wherein the needle insertion point is located more superfrciaJ than the injection 
site. 

15 

18. t ne method of claim 1 7, further comprising the step of retracting the needle 
into the shield after the desired amount of medicament has been delivered to the injection 
sue and wherein the applied force for ejecting the medicament is sufficient to eject an 
amount of about 1 to 2 ml of the medicament in less than about 2.5 seconds. 

20 

19. The method of claim 17, wherein pressing the shield against the injection site 
causes amivation of the energy mechanism, and the medicament is ejected at t rate of about 
0.50 mite so that about 1 ml of the medicament is ejected in about 2 seconds. 

25 20. The method of claim 17, wherein the needle has a length of approximately 

1 -5 mm and the medicament is ejected at a a: a pressure between around 100 to 1 000 p.s.i. 
and at a rate of at least 0.40 ml/sec. 

21. The method of claim 17, wherein the medicament is ejected a: a pressure 

30 between around 100 to 500 p-s.i. and at a rate of about OiO ml/sec so that about 1 ml of the 
medicament is ejected in about 2 seconds. 



WO 00/09116 



PCT/US99>V946 



2/26 




C\] 

d 

LL 



substitute sheet (rule 20 



Vr O C0/051W 



PCT.X$9$n7946 



3/26 




CO 

ri 

u_ 



SUBSTITUTE SHEET (RULE 26) 




WO 0<W)9I86 



4/26 




d 

LL 




fCTX'S?9/1194« 



SUBSTITUTE SHEET (RULE 26 ) 




wo C0.TJ9186 



PCTrjS99/P945 




SUBSTITUTE SHEET (RULE 26 ) 





WO 00.1)9186 



6/26 



TT 

CO 




CD 

d 

LL 




pcT.vswmw* 



SUBSTITUTE SHEET (RULE 16 ) 




SUBSTITUTE SHEET (RULE 26 ) 



} 



WO 0WI86 



PCT7USW/P946 



10/26 




FIG. 11 



12 





FIG. 12 

SUBSTITUTE SHEET (RULE IS) 



I 

! 



WO 00/09186 



PCT.VS99/17946 



11/26 




FIG. 13 



< 



SUBSTITUTE SHEET (RULE 26 ) 




SUBSTITUTE SHEET (RULE 26 ) 




WOOIVWIJS 



PCT/USW/I7W4 



14/26 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 2«) 



l 



PCT/v.’S»wi:m4 



16/26 




SUBSTITUTE SHEET (RULE 16 ) 





WO 00/09186 



POVUS59.17W 



17/26 







SUBSTITUTE SHEET (RULE 26 ) 



WO 00.09 1 w 



FCT.rSW/l?«« 



20/26 




< 

o 

CM 

(3 

LL 



SUBSTITUTE SHEET (RULE 26 ) 





520 



PCT/U$W/n*46 



WO 03/09186 



22/26 





SUBSTITUTE SHEET (RULE 2«) 



FIG. 21 B 




wooo/wim 



PCT/VS9S 17946 



23/26 




FIG. 22A 




SUBSTITUTE SHEET (RULE 2«) 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



•'(Si) 



| ( 2 1 ) 
i (22) 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 


International Patent QunTieation: 

A6IM 5/20, A61M 5/28, 

A61.M 5/30 I 


1 

A3 j (1 1) International Publication Number 
| (43) International Publication Date: 


WO 00/09186 ! 

24 Feoruary 2C0C (2< C220C:) 



International Application Number. PCTAJS99/17946 

International Filing Date: 10 August 1999 (10 08.1999) 



Published 



: (30) Priority Data: 

60/096,464 1 1 August 199S (11.08.1998) US 

i 

| (60) Partol Application or Cnot 

MEDI-JECT CORPORATION [/]; 0- SADOWSH. Peter. L 
R; 0- DEBOER. Davit M. [/); 0 BERMAN. Claude. L. [/]; 
i 0- LESCK. Paul. R., Jr. [/], 0- HOLLAND. Mugur, L. (/]; 

0 SADOWSKL Peter. L. (/]; 0 DEBOER. David, M. [/]; 
j 0 BERMAN, Claude, L. (/]; 0- LESCH. Paul, R.. J:. (/); 

j 0 HOLLAND, Margaret, L. [/]; 0 HARBULAK. Stephen, J. ; 

I 0. 



(54) Title: NEEDLE ASSISTED JET INJECTOR 

(54) Tirre: PISTOLET A INJECTION ASSOCIE A ONE AICUILLE 



(57) Abstract 

A needle assisted jet injector and method for jet injecting medicament are dtsdosed. In one embodiment of the injector, the 
needle is retractabiy located within an injector nozzle assembly. Upon activation of the force generating source, a portion of 
the needle extends past the nozzle assembly and penetrates the outer layer of ston to deftver the medicament via jet injection to 
a deeper region. After activation, the needle retracts back into the nozzle assembly. In another embodiment the needle is fixed 
to the end of the nozzle assembly. In both embodments, the length of the portion of the needle that penetrates the skin is less , 
than 5 mm. I 

(57) Abrege 

L invention concerne un pistoJet £ injection assob£ £ une aiguille, et un proc£de permertant d’injecter une injection de 
| medicament Selon un mode de realisation, Taiguie est disposee retractable dans un ensemble de buse de pistolet £ injection, 
tors de I’activaticn de la source de generation de force, une parbe de TaiguiBe s'etend au-dei£ de rensembie de buse et 
penetre dans la couche exterieure de la peau, afin de distribuer le medicament via une injection, dans une region plus profonde. 
Apres TactNation, Taiguille se retracte dans rensembie de buse. Seion un autre mode de realisation, Taigufle est fixee £ 
rextremite de rensembie de buse. Dans rfautres realisations, la longueur de la partie de raiguiSe qui penetre dans la oeau 
est inferieure £ 5 mm. K 






I 



t 

j 

j 

» 

i 



j 

I 

i 

i 



i 

i 



! 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
fcamataui Burns 




f 



INTERNATIONAL APPLICATION PUB US HEP UNDER THE PATENT COOPERATION TREATY (PCT) 



! (51) International Patent Cla rdf: cation 7 : 




(U) International Publication Number 


WO 0OTO186 


j A61M 5/20,508,130 


A3 


(43) International Publication Date: 


24 February 2000 (24DL») 



(21) Interna liotaJ Application Number PC7VU$99n7946 

(22) International Filing Date: ID Augur. 1999 (10DS.99) 



(30) Priority Date: 

60096.464 tl August 1998 (11.08.98) US 



PI) Applicant (for oil duignatcd Statu urrpt US): MEDI-JECT 
CORPORATION (US/USJ; Suits 100. 16 1 Cheshire Line, 
Minneapoiir.MN 5544! (US). 

(72) Inventon; tad 

(75) InTcntocVAppUauiti (Jar US onlyf. SADOWSKL Peter. L 
[US/U$> 8974 Pbeeust Rub Rad. Woodbury. MN 55125 
(USX DEBOER, Dtrid. M. (US/USt 1632 Ocarw» 
Road. Wacanfa. MN 55387 (US). BERMAN. Claude. L 
(US/US); 1343 Bill- Avenue, St Pud, MN 55104 (USX 
LESCH. Pud. R-, Jr. (USAJSt 3978 Edfevood Roal 
N-E. Lexington, MN 55014 (US). HOLLAND, Mugso. 
L (US/US); Apartment 30, 1131 Hamline Avenue, N.W„ 
Si Pud. MN 55108 (USX 

P4) Ageetr HARBLLAK. Stephen, J. et aL Permit k Edmond 
LLP, 1 155 Avenue of the Americas, New Yart NY 10036 

cusx 



(81) Designated States: AE AL AM. AT. AU. A2, BA BB. BO. 
BA BY. CA Oi. CN. CU. CZ. DE DA EE. ES. a GB. 
GD. GR OH. OM. HR, HU, ID. m IN. IS. JP, RE KG. 
KP,KR.K2.LCLK.LR.LS.LT. LU. LV, MD. MO, MX. 
MN. MW. MX NO. NZPL.PT, RO. RU. SD. SE SC, SI 
SX SU TJ. TM, 7R, TT. U A UO. US, UZ VN, YU. ZA 
ZW. ARIPO patent (GH. OA KE LS. MW, SD. Si, SZ 
UG. ZWX Eunuan pata: (AM. AZ BY. KG. KZ MD, 
RU.U TMX Earopoa patent (AT, BE CH. CY, DE DX 
ES. a FA GB. GA IE. IT, LU, MC NL FT. SEX OAP1 
patent (BF. BJ. CF. CG, CL CM. GA CN. GW. ML. MR. 
NESN.TD.TGX 



Published 

With tnitm&ioaal search report 

(88) Date of poblicatioa of cbi iatovatioasl teartb report: 

18 May 2000 (18.05.00) 







BSSn09fiaa8QPSSeR3SS56f:£;tP 



FOR THE PUR/OSES OF INFORMATION ONLY 

Codex used to identify States party to the PCT on the from paxes of pamphlets publishing iotercshoQil applleabooi under the PCT. 



*p* 


U 


1— *T 


S 


Stonii 


RMad 


IT 


'^■1 


SK 


SbnkU 


Fan 


U U 


liimaai 


9t 


SnpU 


Qdsa 


LT 




a 




IM Ca*k» 


MC 


Um 


TO 


CM 


Oapi 


KD 


UoUm 


TC 




Qm m 


MC 


IMagav 


T1 


T^Un 


OriM 


KK 


TM Inu Yogslff 


TM 


Trlwina 


Can 






Tt 


T«tay 


ftat«y 


MU 


IMS 


TT 


tWM 


htM 


MM 




UA 


M bate 


had 


MS 


HunoM 


uc 


UtaMa 


bW 


MW 


MM 


US 


UlhfaBdAB 


Wy 


KZ 


Mala 


uz 


UMckaa 




NS 




VM 


YMNa 




ML 




w 


T^akra 


Kpxma 


MO 


K#»rj 


xw 


SoMbw 



NX 

n. hOmd 

FT 

KU Im Mn 

n kta 

KZ 

SC Ihppan 




INTERNATIONAL SEARCH REPORT 



fCT/US 99/17946 



a. cut«rtCA70ic»mjfcerT»*mBi . 

IfC 7 A61H5/20 A61KS/23 U1K5/30 






IPC 7 ASIA 



i oowo» to k Rdrvwr 



VO 9$ 29720 A (fA CONSULTING SEMICES LTD) 
9 Veraber 199S (1995-11-09) 
page 8, 11m 9 -page 11, line 11 


1-3 


figures 1,2 




US S 304 128 A (KAfiEX E7 AL.) 
19 April 1994 (1994-04-19) 
cl tod In tha application 
coluir 6, lino 1 - lino 11 
figures 1,8 


1.5.13 


US 5 599 302 A (LIILEY CT AL.) 

4 February 1997 (1997-02-04) 
cl tod in th« application 
abstract 
flguros 1,2 

_ -/- 


1 



iwIMtih oMiritaC 



17 Ftbruiry 2000 






TAf4MIMMMQ.Tlnaf9.il 



24/02/2000 



Schfaleben, j 



pact 1 of 2 




















INTERNATIONAL SEARCH REPORT 



PCT/US 99/17946 




i (Oertnotoo sf mo t of tnt 



t 



UMPMtffl 



» TT3W«J tarfwfc 



ililitota 17-21 

Rule 39.1(1v) PCT - Method for trestaent of the hwan or vstul 
body by misery 



1 Q tt t»)fc L ^ 



nwWBia>>BNrtwd a wl<«BWatiid»WB tf | c f i f» 
i «ri m i t— T » n i nm ii ri ■ 1 1 w rr ri in mrmri nm a wf u flir 



‘□i 



«* londtl re mnot MM h «MM 16) to md a® »M mmnm d 



«two oAjr Bitowoioa to tootoag (OMioeaa of mo 2 of M tome} 



no mmwi Cwno g **ner 

tee eddttlooil sheet 



ibMl 






2 [I] tellMMliOi 






. Q ”^bT 



■■mu leObytTgiiori totmwT>ornoaMr*ftjnrt 



dOdMOiMe 



iMrpddbrt»ao*i 
ttoiicMoiboMttrmnNK 









m® «T««io Nun or w im (t)) *uy twj 



1 

J 

t 











INTERNATIONAL SEARCH REPORT 



t aiiui i * cp* u a« »a. PCT/ US 99/17946 



FURT>® KF0W4AT10N COKTWUED RIOW PCTfflA/ 210 

Thli International Searching Authority found swltlple (c'wpj of) 
Invention* in tMi international application, u tollovs: 

1. Cl alas : 1-5 

An Injection device coaprlilng i bousing, a fluid chaaber, an 
Injection-assisting needle, a plunger and force generating source 
hereby the fluid chaaber It defined by a nozzle asseeftly located 
within the housing, and the needle Is retracable Into the nozzle 
asseably by a retraction eleoent. 



2. Cl alas : 6-16 

An Injection device coaprlilng • housing, a fluid chaaber. an 
injects on-assisting needle, a needle guard, a plunger and a force 
generating source capable of providing sufficient force on the pltmger 
to eject an a&ount up to about 3a 1 froo the fluid chaaber in less 
than 2.75 seconds. 
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FURTHER •ffOfUUTON CCMTKUED FROM PCT«A/ 210 

This International Starching Authority found ultlph (groups of) 

Inventions In this international application, as follow: 

1. Chios: 1-5 

An Injection device coroprhlng a housing, a fluid charier, 
an Injection-assisting needle, a plunger and force 
generating source whereby the fluid chaster Is defined by a 
nozzle asseably loated within the housing, and the needle 
is retractable Into the noale asseably by a retraction 
eluent (object: to provide an autooatlc syringe having an 
upule with a retractbale needle to prevent oedlcal hazards). 



2. Chios: 6-16 

An Injection device caching a housing, a fluid chaster, 
an injecttorwssl sting needle, a plunger and a force 
gweratlng source capable of providing sufficient force on 
the plunger to eject an aaount up to about 3cl froa the 
fluid chaster In less than 2.75 seconds (to provide a needle 
assisted Jet Injector allowing quit delivery of oedlcaoents) 
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